Temporal segregation is known to be an important mechanism of coexistence in many foraging guilds but has not been examined in avian scavengers. Given that carrion availability is higher in the morning than in the afternoon and that differences in wing-loading and nesting behavior may limit morning activity in some species, there is potential for temporal segregation in resource use to play an important role in the coexistence of avian scavengers. I predicted that Lappet-faced Vultures (Torgos tracheliotos), which have lower wing-loading and lower competitive abilities, would have higher abundance at carrion resources in the morning than White-backed Vultures (Gyps africanus) and Rüppell's Vultures (G. rueppellii). In addition, I predicted that differences in activity patterns among vulture species would affect foraging success. Using experimental carcasses, I examined the effect of time of day on foraging behavior. I quantified foraging success in roosting birds, measured as the proportion of individuals with a full crop. Contrary to predictions, during the dry season White-backed and Rüppell's Vultures were more abundant at carcasses in the morning and Lappet-faced Vultures were more abundant in the afternoon. In the afternoon a large proportion of the Gyps individuals appeared to be satiated and densities were lower at carcasses, perhaps creating a temporal competitive refugium in the afternoon during which Lappet-faced Vultures could feed. However, Lappet-faced Vultures have lower foraging success than White-backed and Rüppell's Vultures. These results demonstrate that temporal segregation occurs, but may not reduce competition, in this scavenging guild. Keywords: activity patterns, coexistence, competition, foraging success, vulture El ave que madruga consigue el cadá ver: Segregación temporal y sus efectos sobre eléxito de forrajeo en aves carroñeras RESUMEN La segregación temporal es reconocida por su importancia como mecanismo de coexistencia en muchos gremios de forrajeo, pero no ha sido examinado en aves carroñeras. Ya que la disponibilidad de carroña es mayor en la mañana que en la tarde, y diferencias en carga alar y comportamiento de nidificación pueden limitar la actividad matinal de algunas especies, existe la posibilidad de que la segregación temporal en el uso de recursos juegue un rol importante en la coexistencia de aves carroñeras. Predigo que Torgos tracheliotos, el cual tiene una carga alar menor y abilidades competitivas inferiores, sería más abundante que miembros del género Gyps en recursos de carroña durante la mañana. Además, predigo que las diferencias en patrones de actividad entre especies de buitres afectará eléxito de forrajeo. Utilizando cadáveres experimentales, examiné el efecto de hora del día sobre el comportamiento de forrajeo. Cuantifiqué eléxito de forrajeo de aves en dormideros midiendo la proporción de individuos con el buche lleno. Contrario a mis predicciones, durante laépoca seca, Gyps africanus y Gyps rueppelli fueron más abundantes en cadáveres en la mañana y Torgos tracheliotos fue más abundante en la tarde. En la tarde, una proporción importante de Gyps parecía estar saciada y se observaron a bajas densidades en los cadáveres, lo cual podría crear un refugio competitivo temporal durante la tarde, durante el cual los Torgos tracheliotos pueden alimentarse. Sin embargo, los Torgos tracheliotos tienen unéxito de forrajeo menor al de los Gyps. Estos resultados demuestran que la segregación temporal ocurre, pero tal vez no reduce la competencia en este gremio de carroñeros.
INTRODUCTION
Mechanisms of coexistence are critical for maintaining biodiversity. Considerable evidence supports the importance of resource partitioning and spatial and temporal segregation in resource use as mechanisms of coexistence (MacArthur and Levins 1967 , May and MacArthur 1972 , Scheuring et al. 2000 , Bonsall et al. 2002 , Kronfeld-Schor and Dayan 2003 , Blázquez et al. 2009 , Cortés-Avizanda et al. 2010 . Among species that depend on widely dispersed and ephemeral resources such as carrion, competitively inferior species can reduce competition through aggregation at food resources and avoidance of competitors (Atkinson and Shorrocks 1981 , Hartley and Shorrocks 2002 . In addition, alternative strategies, which are mediated by tradeoffs in species' traits (e.g., body size and sociality), can be important in maintaining diverse guilds (Tilman 1987 (Tilman , 1990 (Tilman , 2004 Viola et al. 2010) .
For most avian scavengers in the Masai Mara National Reserve (MMNR), Kenya, coexistence patterns can be explained by spatial segregation in resource use, resource partitioning, and tradeoffs in arrival time and competitive ability, with competitively inferior species arriving at food patches first (Kruuk 1967 , Kendall 2013 . However, for some species, such as Rüppell's Vulture (Gyps rueppellii), White-backed Vulture (G. africanus) (Figure 1 ; hereafter, ''Gyps'' denotes these two species), and Lappet-faced Vulture (Torgos tracheliotos), the mechanisms of coexistence remain unclear. These three vulture species share most ecological traits, such as large body size, soaring flight, and dependence on carrion from large ungulates for the bulk of their diet (Mundy et al. 1992, Ruxton and Houston 2004) . In addition, these three species show high levels of spatial overlap in MMNR, particularly during the dry season (Houston 1974a) .
Habitat-use studies have demonstrated that spatial segregation of resource use does not occur among these three species (Kendall 2013) .
The three study species differ in feeding preference and beak morphology: Lappet-faced Vultures have a larger beak than Rüppell's and White-backed Vultures and tend to use a tearing feeding method, focusing on tougher pieces of carrion such as ligaments and muscles (Kruuk 1967 , Mundy et al. 1992 . However, these three species tend to aggregate at carrion resources with similar characteristics, which should limit opportunities for this kind of resource partitioning . In addition, these species appear to associate with each other at food patches, limiting potential benefits of aggregation and disassociation that may enable coexistence in other scavengers (Atkinson and Shorrocks 1981 , Hartley and Shorrocks 2002 ). Despite these differences in feeding preferences, there remains a cost to late arrival, in that Rüppell's and Lappet-faced Vultures are less likely to feed as time since carcass discovery by other scavengers increases (Kendall 2013) . White-backed Vultures have higher search efficiency and are more likely to discover carcasses than either Rüppell's or Lappet-faced Vultures (Kendall 2013 ).
In addition, White-backed Vultures are dominant over Lappet-faced Vultures once they reach a certain group size (Kendall 2013) . Thus, although Lappet-faced Vultures' larger body size confers dominance when they are one-onone with Gyps (Mundy et al. 1992) , individuals or pairs of Lappet-faced Vultures are generally outcompeted by large groups of Gyps at large carrion resources (Clark and Mangel 1986 , Kendall 2013 . Despite this, Lappet-faced Vulture abundance remains stable throughout the year in MMNR, even when Gyps abundance increases in the dry season (Virani et al. 2011 , Kendall 2013 .
Carrion availability varies temporally with higher abundance in the morning because most ungulate mortality occurs overnight (Houston 1975 , Mduma et al. 1999 . Temporal segregation in resource use may thus play an important role in the coexistence of scavengers. In particular, a tradeoff could exist in which species with both lower search efficiency and lower competitive ability, such as Lappet-faced Vultures, forage earlier in the morning to reduce competition with dominant birds such as Gyps.
Physiological differences in wing-loading and differences in nesting behavior may further explain differences in temporal segregation of resource use. The two Gyps species' high wing-loading (90 N m À2 for Rüppell's Vulture and 77 N m À2 for White-backed Vultures) makes them dependent on thermals, which are weaker in the early morning, for lift and flight (Pennycuick 1972 , Mundy et al. 1992 , Ruxton and Houston 2004 . Lappet-faced Vultures have lower wing-loading (63 N m À2 ) than the Gyps species, which allows them to start flying earlier in the morning, before thermals are present (Pennycuick 1972 , Mundy et al. 1992 . Given this anatomical difference, one would predict that Lappet-faced Vultures would be more active in early morning, when the flight ability of Gyps is limited. In addition, White-backed and Lappet-faced Vultures nest locally in trees (Virani et al. 2010) , whereas Rüppell's Vultures nest on cliff ledges, some of which are .100 km from the Mara-Serengeti ecosystem, including those at Lake Kwenia and Hell's Gate National Park, Kenya, and the Gol Mountains in Tanzania (Pennycuick 1983) . As a result, Rüppell's Vultures may arrive later on foraging grounds during the breeding season, which tends to overlap with the dry season (Houston 1976 . On the basis of nesting behavior, one would predict that the abundance of Rüppell's Vulture would be higher at carcasses in the afternoon.
Counts of vultures along roadside transects in MMNR demonstrate that the abundance of foraging Lappet-faced Vultures is higher in the morning than in the afternoon, but only in the dry season (Kendall 2013) . White-backed Vulture abundance is also higher in the morning than afternoon throughout the year, but Rüppell's Vulture abundance is unaffected by time of day. Findings from transect data suggest that differences in activity patterns exist, but the effect of these differences on temporal segregation of carrion use is unclear (Kendall 2013) . I predicted that if food is a limiting resource and temporal segregation in carrion use acts as a mechanism of coexistence among these three species, then Lappet-faced Vultures would feed primarily in the morning, when food availability was highest. This pattern would be particularly prominent in the dry season, when competition from Gyps is highest because of their increased local abundance.
I also predicted that if temporal segregation in resource use is important for coexistence, then the foraging success of these three species would vary in relation to time of day and season. Foraging success can be measured as the proportion of individuals with full crops (Houston and Cooper 1975) . Satiation is defined as the time at which the proportion of the population with a full crop reaches a plateau. In addition, foraging success can be used to demonstrate that food availability is a limiting resource. If not all individuals are able to feed and become satiated, food may be limited. I hypothesized that if Lappet-faced Vultures fed earlier in the day, they would reach satiation before Gyps.
However, social Gyps may still have a higher foraging success (i.e. a higher proportion of individuals with a full crop at satiation) than solitary Lappet-faced Vultures, particularly during the dry season. In scavengers, a primary benefit of sociality is local enhancement, which can lead to greater foraging success (Houston 1974b (Houston , 1974a (Houston , 1979 Beauchamp 1998) . Local enhancement can be defined as the use of conspecifics to provide information about the position of food (Thorpe 1963 , Krause and Ruxton 2002 , Hoppitt and Laland 2008 . With local enhancement, mathematical models have predicted that carrion detection by social vultures should increase with both conspecific and food abundance (Jackson et al. 2008) . In MMNR, both conspecific and food abundance are higher in the dry season as the numbers of Gyps increase and as higher mortality in migratory herds, due to low forage availability, increases the availability of carrion (Mduma et al. 1999) . As a result, I predicted that social Gyps would reach a higher satiation plateau in the dry season than in the wet season.
To test for the existence of temporal segregation in resource use and its effects on foraging success and satiation in avian scavengers, I examined the effect of time of day on (1) abundance at experimentally placed carrion sources during the dry season and (2) proportion of individuals of a given species with full crops in MMNR. This is the first field study on the effects of time of day and season on foraging success and satiation in avian scavengers, and the results provide important insights about temporal segregation as a mechanism of coexistence.
METHODS

Study Site
The Mara-Serengeti ecosystem is one of the most important areas for scavengers in Africa, supporting high densities of many scavenger species (Houston 1979 (Houston , 2001 . MMNR is a savannah habitat in southwestern Kenya. It is 1,530 km 2 in size and is surrounded by Masai pastoral lands to the north, east, and west and the larger Serengeti National Park of Tanzania to the south. Large herds of blue wildebeest (Connochaetes taurinus), Burchell's zebra (Equus burchelli), and Thomson's gazelle (Gazella thomsonii) migrate from Serengeti National Park to MMNR in the dry season (July-October; Boone et al. 2006) . Food availability and local abundance of vultures are significantly greater during this period (Mduma et al. 1999 .
Foraging Behavior across Time of Day
Experimental carcasses were arranged to mimic intact carcasses and consisted of a head, organs, and 2 kg of leg meat from a goat or sheep. Carcass setup followed techniques used in similar studies of scavenging raptors (Bamford et al. 2009 , Kendall 2013 . Smaller carcasses intensify competitive interactions, allow for rapid turnover between species, facilitate precise quantification of scavenger arrival and behavior, and are frequented by all members of the scavenger guild studied (Travaini et al. 1998) . Smaller carcasses therefore make results more applicable to understanding the foraging behavior of all three species, particularly Lappet-faced Vultures, which may show a preference for smaller carcasses (Mundy et al. 1992 ). All experimental carcasses were placed during the dry season. In 2011, a total of 20 experimental carcasses were used, 10 in the morning (at 0800 hours) and 10 in the afternoon (at 1200 hours). The order of placement between morning and afternoon was randomized. Experimental carcasses were placed in the same location once in the morning and once in the afternoon on separate days !3 days apart.
Specific areas where carcasses were placed were selected in advance and marked with GPS (eTrex Legend C; Garmin, Olathe, KS, USA; accuracy ,5 m). Carcass points were always in open areas with short grass (grass height ,40 cm), !200 m from the nearest boma (i.e. settlement with surrounding cattle fence), and !1 km from the next experimental carcass point. Putting carcasses in open areas with short grass increases the ease of observation and the probability of carcass detection by avian scavengers (Kendall 2013) . Observers randomly selected among these points to determine where a carcass would be placed on a given day. Carcasses were placed only when it was possible to be !1 km from another known natural carcass with scavengers actively feeding and only on days with no rain.
To assess foraging behavior across time of day, behavioral observations were conducted at experimental carcasses. During observations of carcasses, the total number of each species that occurred at the carcass (i.e. on the ground ,50 m from it) over the entire observation period was recorded. Observers watched, using binoculars, from a stationary vehicle 50 m from the carcass. Observations ended when all birds left or when no meat remained.
Assessment of Crop Status
Crops are hollow structures of the esophagus that act as food storage sites and are visible as sacs below the neck of the bird (Houston 1976) . The fullness of the crop can be determined in Old World vultures by visual inspection using binoculars and is an accurate measure of the quantity of food consumed in a given 24-to 30-hr period (Houston 1976 , Mundy et al. 1992 . Crop status was categorized as either empty (no visible bulge in crop) or full (prominent bulge extending beyond the chest). Vultures are assumed to begin the day with an empty crop, given that food within a full crop will be completely digested within 30 hr (Houston and Cooper 1975) . The proportion of individuals with a full crop can be used as a measure of foraging success (Houston 1976) . The proportion of individuals with a full crop is expected to plateau once most individuals of a given species have fed, and this point was defined as ''population satiation.'' Vultures were categorized as either adult or juvenile on the basis of beak and plumage coloration (Mundy et al. 1992) . Observers searched for roosting vultures throughout the day during both the wet and the dry season in 2011 and assessed their crop status. Searches were conducted opportunistically while driving around MMNR on 90 days, 45 during the wet season and 45 in the dry season,~8 hr day À1 .
Data Analysis
The effect of time of day on abundances of the three study species at experimental carcasses was assessed using a paired t-test. Crop status was used to measure foraging success in relation to age, season, species, and time of day. A logistic regression examined the effect of age (adult or juvenile), season (dry or wet), and time of day (0700-0859, 0900-1059, 1100-1259, 1300-1459, and 1500-1659 hours) on crop status (full or empty). Separate models were run for each species, and models with the lowest Akaike's Information Criterion values were selected using a forward method. A two-sample proportion test was used to look at interactions between categories of time of day or between seasons and between species in relation to their effect on proportion of individuals with a full crop. Analyses were conducted in R version 2.7.2 (R Development Core Team, Vienna, Austria) using the MASS package (Venables and Ripley 2002) .
RESULTS
Effect of Time of Day on Foraging Behavior
Vulture abundance at carcasses was influenced by time of day. White-backed and Rüppell's Vulture abundances were higher in the morning (t ¼ 2.04, df ¼ 9, P ¼ 0.04 and t ¼ 2.07, df ¼ 9, P ¼ 0.03, respectively), whereas Lappet-faced Vulture abundance was higher in the afternoon (t ¼À2.39, df ¼ 9, P ¼ 0.02) (Figure 2 ). had higher foraging success (76% of birds seen had full crops, n ¼ 388) than White-backed Vultures (59% of birds seen had full crops, n ¼ 526; v 2 ¼ 27.5, df ¼ 1, P , 0.001). White-backed Vultures also had higher foraging success than Lappet-faced Vultures (29% of birds with full crops, n ¼ 127; v 2 ¼ 35.3, df ¼ 1, P , 0.01). Age did not have a significant effect on the proportion of individuals that exhibited full crops in any of the species considered (57% of both adult and juvenile birds had full crops, n ¼ 1,041;
Effects of Species
The proportion of Lappet-faced Vultures with full crops was unaffected by time of day or season and never reached a plateau (Figure 3) . White-backed Vulture foraging success was related to time of day and season (Table 1) . The proportion of White-backed Vultures with full crops was higher in the dry season and increased with time of day (Figure 4 ). In the dry season, all time categories differed significantly from the period 0700-0900 hours, which was used as a reference point when the majority of birds would not yet have fed (
.01 for 0900-1100, 1100-1300, 1300-1500, and 1500-1700 hours, respectively). In the wet season, only the periods 1300-1500 and 1500-1700 hours were different from 0700-0900 hours (v 2 ¼ 6.71, df ¼ 1, P , 0.01 and v 2 ¼ 16.1, df ¼ 1, P , 0.01, respectively). The proportion of White-backed Vultures with full crops reached a plateau (i.e. population satiation) around 0900 hours in the dry season (72% of all birds had full crops) and around 1300 hours in the wet season (68% of all birds had full crops).
The proportion of Rüppell's Vultures with full crops increased with time of day: The result for 0700-0900 hours did not differ from that for 0900-1100 hours but differed from the results for all later time categories (1100-1300 hours: v 2 ¼ 49.3, df ¼ 1, P , 0.01; 1300-1500 hours: (Figure 5 ). In Rüppell's Vultures, the proportion of individuals with a full crop reached a plateau at~1100 hours in the dry season (81% of all birds had full crops).
DISCUSSION
I examined temporal segregation in resource use as a possible mechanism of coexistence for Lappet-faced, Rüppell's, and White-backed Vultures. The results suggest that (1) food is a limited resource, given the inability of many individuals to feed and, therefore, to get a full crop; and (2) temporal segregation in resource use exists but does not reduce competition.
Contrary to predictions, Gyps were more abundant at carcasses in the morning than in the afternoon during the dry season. This suggests that because of local enhancement, the social Gyps are better than solitary Lappet-faced Vultures at finding carcasses in the morning and in the dry season when food availability is highest. The Gyps populations became satiated in the morning by 1100 hours, which may explain their low abundance at carcasses in the afternoon. Thus, high wing-loading of Gyps does not appear to limit early-morning foraging activity. Despite higher abundance of foraging Lappet-faced Vultures in the morning along transects (Kendall 2013) , their abundance was greater at experimental carcasses in the afternoon. The dominance of Gyps over Lappet-faced Vultures is contingent on group size of Gyps, which is greater at carcasses in the morning (Kendall 2013) . Thus, Lappet-faced Vultures' foraging patterns suggest that fresh carcasses that only become available in the afternoon (as was the case with experimental carcasses used in the present study) could represent a temporal competitive refugium for these solitary scavengers, which have lower search efficiency and lower competitive ability when Gyps are in large groups.
Contrary to predictions, Lappet-faced Vultures did not reach population satiation before Gyps. Social Gyps had considerably higher foraging success than solitary Lappetfaced Vultures throughout the year, which suggests possible dominance of social foraging strategies within this guild. The inability of Lappet-faced Vultures to reach similar levels of satiation as Gyps demonstrates that even though Gyps abundance at carcasses is lower in the afternoon, the reduced competition may not compensate for the foraging opportunities forgone by Lappet-faced Vultures in the morning, when food is most abundant. The lower foraging success of Lappet-faced Vultures provides further evidence in support of Kendall's (2013) conclusion that lower search efficiency may be costly, particularly for species with low dominance. Seasonally, the limiting factors that affect Lappet-faced Vulture foraging success may shift and compensate for each other, going from higher competition from Gyps in the dry season to lower food availability in the wet season. An important limiting factor for Gyps is likely to be seasonal food availability, but this requires further study.
Finally, my results support findings from mathematical models that foraging success is greater for social species when food availability and conspecific density are higher (Jackson et al. 2008) . White-backed Vultures had higher foraging success and were able to reach satiation earlier in the day in the dry season than in the wet season. Whether their foraging success is heightened simply by greater food availability or by greater conspecific abundance via increased abundance of Rüppell's Vultures is unclear. In addition, Rüppell's Vultures reached satiation slightly later in the day than White-backed Vultures during the dry season. This pattern could be explained by higher search efficiency of White-backed Vultures compared with Rüppell's Vultures. Alternatively, because the dry season typically overlaps with breeding, the longer travel distances required to reach MMNR by cliff-nesting Rüppell's Vultures may limit their early-morning foraging activity compared with tree-nesting White-backed Vultures.
Conclusion
Carrion availability is higher in the morning than in the afternoon, which suggests that temporal segregation in resource use should be an important mechanism of coexistence among scavengers. In particular, subordinate species could reduce competition by feeding earlier in the morning, when food availability is highest. However, among the three vulture species considered, solitary species with lower competitive abilities were not able to use this temporal competitive refugium and appeared to pay a cost via lower foraging success. Instead, likely as a result of local enhancement, social species appear to have higher search efficiency and foraging success than solitary species, particularly when carrion resources are most abundant, as occurs in the morning. Sociality may thus be a particularly successful strategy for scavengers in periods of high food availability. 
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